Influence of the potassium concentration on functional and structural preservation of the lung: where is the optimum?
Low-potassium solutions have been shown to improve lung preservation. The optimal potassium concentration, however, has not been investigated systematically. The purpose of this study was to evaluate the effect of solutions with different potassium concentrations on functional and structural preservation after flush-perfusion and ischemia. We used our established extracorporeal working heart-lung model and a modification of this model with isolated pulmonary perfusion at defined flow rates. In two sets of experiments 42 rat heart-lung blocks (experiment I and II: n=7/group) were used. Lungs were flush-preserved with 20 ml Euro-Collins solution (EC115; K+ 115 mmol/L), potassium-reduced Euro-Collins solution (EC40; K+ 40 mmol/L), or low-potassium Euro-Collins solution (EC10; K+ 10 mmol/L) and stored for 2 hours at 10 degrees C. Reperfusion was performed for 40 minutes with Krebs-Henseleit solution containing washed bovine red blood cells (38%) while the lungs were ventilated with room air. In experiment I pulsatile perfusion of the lungs was achieved by the working right side of the heart. In experiment II lungs were perfused at defined flow rates by a roller pump. Postischemic function was assessed by means of oxygenation capacity and pulmonary vascular resistance. The degree of structural damage to the air-blood barrier was assessed by quantitative stereologic light and electron microscopic evaluation. In both experiments after 40 minutes reperfusion oxygenation capacity was significantly higher in EC40 than in EC115 and EC10, whereas pulmonary vascular resistance was significantly higher in EC115 than in EC40 and EC10. Quantitative histologic examination showed surprisingly modest damage to the endothelial side of the air-blood barrier but a considerable degree of damage to the epithelium in both experiments. The alterations in the pump-perfused isolated lung experiments exceeded those of the pulsatile perfused heart-lung experiments. The comparative analysis of the study groups revealed a minor degree of epithelial swelling and fragmentation in EC40 than in EC115 and EC10, respectively. The results obtained with two modifications of an extracorporeal model indicate that flush perfusion of the lung with a potassium-reduced solution results in better functional and structural preservation than flush perfusion with either high- or low-potassium solutions. The optimum may lie in the vicinity of 40 mmol/L. Further studies are necessary to verify these initial findings.